The technique of drawing and preserving the blood, the results on normal individuals, and a preliminary study of patients with circulatory disturbances have been reported in Papers I and II (1, 2) of this series.
In accordance with the viewpoints laid down in these two papers an investigation of the variations in the oxygen unsaturation 1 of the venous blood over a longer period in the same person was taken up. Ten patients suffering from different forms of circulatory disturbances have been studied. In Paper III (3) a report was made of 46 determinations on five patients in a compensated stage. The present paper is a report of 103 determinations on five patients with different heart lesions, all of whom, during a certain period, were distinctly clinically incompensated. Repeated determinations have been made during the course of the disease, and the clinical symptoms which have bearing upon the compensation or incompensation have been noted.
Short descriptions of the history, the physical examination at admission, and the treatment are given. The development of the disease can be followed from the notes on the charts. In the diagrams are given the curves of the oxygen unsaturation of the venous blood.
1 The term oxygen unsaturation means the difference between the total oxygen-combining power of the hemoglobin and the oxygen in the venous blood. For further details see the discussion in the preceding papers, especially Paper II, Text- fig. 2 . 219
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The extreme normal limits and average normal are indicated on the diagrams for comparison. Marks showing the treatment with digitalis and the condition of the circulation (compensation or incompensation,) are added. The clinical symptoms, which have been especially followed, are dyspnea, cyanosis, swelling of the superficial veins, enlargement of the liver, edema, diuresis, and body weight. The figures for the respiration indicate the rate just after the blood has been drawn. For that reason the rate of respiration is sometimes somewhat higher than would be the case if the patient had not been bled. This holds particularly true in the compensated stage. The pulse has been counted during the bleeding. In patients with auricular fibrillation the apex rate and radial rate have been counted simultaneously in order to obtain the pulse deficit. In the few instances where the temperature of the patients has been increased, it is noted in the description of the patient. Diagnosis.--Myocarditis; arteriosclerosis; chronic nephritis; hypertension. Previous History, Symptoms, etc.--Shortness of breath for a year, particularly on exertion; swelling of legs and abdomen for 2 months. No syphilis or rheumatic fever. He has used alcohol every day for several years.
Physical Examination.--Heart duliness and shadow on x-ray picture increased to the left and downwards. Limit of dullness is 3.5 cm. to the right and 14 cm. to the left of the middle line at the fourth interspace, 15 cm. to the left at the sixth interspace. An indistinct systolic murmur is heard allover the precordium. Aortic second sound is accentuated. Blood pressure: systolic 175, diastolic 125. There are moist rMes and slight dullness at the lower parts of both lungs. He is cyanotic and the veins of the neck are distended. There is distinct ascites; the liver is felt, not tender. Marked edema of both legs extending up over sacrum. In the urine was found slight albumin, and occasionally granular casts. Blood urea considerably increased (73 rag. per 100 cc.). Index of urea excretion (McLean (4)) 15.0, in the course of the treatment increasing to 74.0. Wassermann test negative.
Treatment.--Ho was confined to bed and treated first with milk diet, and later with salt-free diet.
Three determinations of the oxygen unsaturation were done. The first was done the day after admission. He was distinctly incompensated and the value for the unsaturation was far above the upper normal Cttl~ISTEN LI~D S GAA.RD 221 limit. The second determination was done at a time when it was doubtful whether he was compensated or not (Table I and Text- fig. 1 ). The oxygen unsaturafion was at that time just above the upper normal limit. at rest.~ His oxygen unsaturation was at that time normal. The interpretation of this case is made difficult by the fact that there were quite a number of r~.les in the lungs at the time of the first determination, which may or may not have affected the saturation of the In the evening a slight edema around the ankles was found. Previous History, Symptoms, etc.--Palpitation and dyspnea, particularly on exertion, for 3 years. He has had four attacks of rheumatic fever, the first 6 years ago. The second, 3 years ago, involved his heart. He had, furthermore, an attack of chorea 2 years ago. During the last 2 months, since the last hospital treatment for rheumatic fever and endocardifis, he has suffered from increasing palpitation and dyspnea. He has been confined to bed during the last 4 months.
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Physical
Examination.--A few tales on deep inspiration at the base of both lungs. The r~des disappeared quickly and the lungs were clear at the time of the determinations of the venous oxygen. There is distinctbulgingof theprecordium. No thrills. The heart is considerably enlarged to the right and left, 4 cm. to the right and 12.5 cm. to the left of the middle line of sternum. The thorax is small. The x-ray picture shows a considerable enlargement in both directions. The normal heart sounds are replaced by blowing systolic and diastolic murmurs over the precordium. In the pulmonic area the pulmonic second sound can be heard, besides systolic and diastolic murmurs. The heart action is regular and rapid. The pulse is regular and small, collapsing in type. Blood pressure: systolic 116, diastolic 65. The electrocardiogram shows regular heart rhythm and signs of hypertrophy of the left ventricle. He is moderately cyanotic, the superficial veins are distended, and he is dyspneic. Liver extends from the fifth rib to 10 cm. below the costal margin in the nipple line, and is tender. Spleen is not felt. No ascites. There is slight edema of the lower legs and more distinct edema posteriorly over the hips. The edema over the lfips disappeared quickly. Diuresis small, 420 to 740 cc. In the urine is found a trace of albumin; no casts. ) showed an unsaturation of 9 volume per ceIit. His condition was the same as before. October 21. He was discharged; his clinical condition was unchanged.
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This is a case of incompensated valvular heart disease on rheumatic basis. He probably has some endocarditis too. The values for the oxygen unsaturation are all above the upper normal limit. They are rather constant, all being between 8 and 10 volume per cent. The clinical condition was as a whole constant and unchanged, although the edema showed a tendency to disappear. It is important to emphasize that he was running a little temperature (100-101 ° F.) all the time. It is possible that this may have some effect on the oxygen unsaturation on account of increased metabolism. ~ His lungs were perfectly clear. It is interesting to note the constancy of the values for the oxygen unsaturation compared with those found in the three following cases (fibrillators). It is more constant than the values found in the normal individual (Papers I and II). The margin of action of his heart is probably very limited. 6 Digitalis was without effect--a striking contrast to what was found in the three fibrillators.
Case 3 (Table III, Physical Examination.--A few rMes during the last part of the inspiration on both sides from the eighth to the tenth rib. No distinct dullness. There is marked dyspnea, slight cyanosis, and distinct swelling of the superficial veins. Heart dullness from 3 cm. to the right of the middle line of the sternum to 14 cm. to the left in the fourth intercostal space. X-ray picture shows the heart moderately enlarged to the left. The heart action is very rapid and irregular. The electrocardiogram shows auricular fibrillation. No distinct murmurs are heard. The aortic and pulmonic second sounds are distinct and equal. The patient is generally a fibrillator. Blood pressure: systolic 185, diastolic 120. It is difficult See the discussion in Paper II.
8 As mentioned in Paper nI, a valvular defect (aortic and mitral insufficiency, aortic stenosis) or increased blood pressure probably influences the action of the heart in the same way that a heavy wheel influences a machine. In mitral stenosis with auricular fibrillation the opposite holds true. The reason is that the increased resistance is here offered to the auricle instead of the ventricle (seethe discussion on page 559, Lundsgaard (5), where the difference between the auricular and the ventricular form of heart failure is pointed out according to the result of the blood flow determinations reported in the paper referred to). allowed to be out of bed, increasing the time every day. She had milk diet (800 cc.) for the 1st week. Since then salt-free diet (1,800 to 2,000 calories). Digipuratum, 0.5 gm. a day, was given from June 24 to 30 and about 0.3 gm. a day from July 20 to 25. She lost rapidly in weight from the 1st day in the hospital in spite of a rather small diuresis. Temperature normal.
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228 This patient was distinctly incompensated at admission,, but recovered quickly (Table III) . The values for the oxygen unsaturation of the venous blood started above the upper normal limit. At the time of the first two determinations the patient had rgles in the lungs. At the third determination the lungs were clear and remained so during the rest of the time. In spite of the difference in the condition of the lungs no variations were encountered in the oxygen unsaturation of the venous blood of the first three determinations, a fact which supports what has previously been suggested (Paper II) that tales do not necessarily influence the oxygen unsaturation of the venous blood. This cannot mean anything else than that the saturation of the arterial blood has been as complete as in individuals with normal lungs. The fourth oxygen determination shows a value within normal limits; the clinical signs of incompensafion were decreasing but still to be seen. The fact that a value for the oxygen unsaturafion within normal limits can be obtained in a stage of clinical incompensation does not disagree with what has been previously found in Paper II.7 This question will be discussed in the next case.
The fifth determination shows the highest values for the oxygen unsaturation obtained in this patient. The next day it went down to the normal average. At that time it was questionable whether she was clinically incompensated or not. On July 7 it was evident that the clinical symptoms of incompensation had disappeared and from that date the oxygen unsaturation as a rule was within the normal limits. In two instances, however, it was above the upper normal limit and as a whole it was variable, The fact that we can obtain values for the oxygen unsaturation above the upper normal limit in a period of full compensation agrees with the findings in Patient 5, in Paper III, and with those in the two following patients in this paper. It is probably explained by the fact that the values for the oxygen unsaturation of the venous blood are above the upper normal limit in the incompensated period and within normal limits in the compensated period. As in other fibrillators, however, we may 7 In this publication all the determinations with compensated cases showed values within the normal limits, whereas all the values obtained in the incompensated cases were above. See the discussion in Paper II.
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find abnormally high values in the period of compensation. The relation of the curve for the oxygen unsaturafion to the digitalis treatment is unmistakable, and the same is found in the following patients and discussed more in detail. IV, Text-Fig. 4 ).--D., housewife; age 37 years. Admitted July 19, 1917. Discharged October 14.
Case 4 (Table
Diagnosis.--Mitral insufficiency and stenosis; auricular fibrillation. Previous History, Symptoms, etc.--Palpitation and shortness of breath, particularly on exertion. Swelling of legs. She had rheumatic fever 14 years ago, but had no heart trouble at that time. Never had lues. For the last 2 years she has suffered from her present symptoms, periodically, not continuously. 3 weeks ago she left a hospital in fairly good condition, but her symptoms reappeared quickly and have steadily grown "worse.
Physical Examination.--No cyanosis or dyspnea. There is swelling of the superficial veins. The heart dullness is considerably increased, extending from the fifth interspace, 6 cm. to the right and 14 cm. to the left of the middle line of the sternum. The x-ray picture shows the heart shadow correspondingly increased. No thrill. A harsh systolic murmur, replacing the first sound, is heard over the precordium and transmitted upward in the direction of the left axilla. An indistinct presystolic murmur is heard at the apex. The pulmonic second sound is accentuated and reduplicated. All the sounds at the bases are indistinct. The heart action is violent and irregular. The electrocardiogram shows auricular fibrillation. "Systolic blood pressure 100 (palpation). Diastolic could not be determined. Liver is felt 10 cm. below the curvature in the nipple line; tender. Spleen not felt; No ascites. Marked edema extending upward over the hips. Urine negative for albumin. Wassermann test negative.
Treatment.--She was confined to bed and treated with milk diet (800 cc.) during the first 10 days. Later she had salt-free "diet (1,800 to 2,200 calories). Besides iron, she had 1.6 gln. of digipuratum from August 22 to 26 (about 0.3 gm. a day). Later she had 1.6 gin. of digipuratum from August 27 to September 10 (about 0.1 gin. a day.) Her temperature was normal during all the determinations.
At the time of the first three determinations some rtdes were heard at the base of both lungs. Later on the lungs were clear. Thirty determinations of the oxygen unsaturation of the venous blood were done during two periods with an interval of 2 weeks between. In spite of the incompensated condition and the rMes the values for the oxygen unsaturation were within normal limits the first five times. The first four determinations gave values which almost followed the normal average, the fifth was nearer the upper limit. The results of the first five oxygen determinations show the same things which were seen once in Case 3: a normal oxygen unsaturation at a time when the patient is distinctly clinically incompensated. This is probably an expression of the fact that she was improving. It will be seen from the chart that the severity of the symptoms of incompensation were decreasing. The fourth and fifth determinations showed an increasing tendency. Digitalis treatment was started on July 26. The oxygen unsaturation was still higher the next day (No. 6), this time above the normal limit. 1 day later a sudden drop in the oxygen unsaturation (4.6 volume per cent) occurred. Whether or not this was a result of the digitalis treatment cannot be definitely decided from the present facts. Nos. 8, 9, 10, and 11 were all within the normal limits. The oxygen determinations then had to be stopped for 2 weeks. At the time of the tenth and eleventh determinations she was clinically compensated; she felt well and was allowed to be out of bed. This clinically compensated condition lasted for about 12 days. At that time (August 14) a rather sudden change in condition occurred. The patient began to feel uneasy. She had palpitations, throbbing in the veins of the neck, and pain in the left hypochondrium. On August 17 when the oxygen determinations were taken up again she was slightly incompensated. The oxygen unsaturation (9.7 volume per cent) was above the upper normal limit. The next day it was still higher (13.5 per cent), and the clinical symptoms of incompensation were more marked. The two following determinations (Nos. 14 and 15) showed a considerable drop in the oxygen unsaturation which went down to the upper normal limit. However, an increase appeared again and the incompensation seemed to be growing. Digitalis treatment was therefore instituted (August 22). 2 days later a sudden drop occurred in the oxygen unsaturation, almost identical with what was seen at the time of the first digitalis treatment. The clinical condition now improved rapidly. On August 25 it was impossible to decide whether she was incompensated or not, and 4 days later she was again in full clinical compensation. On August 24 and 25 the same condition was encountered as at her admission: normal oxygen unsaturation despite incompensation. However, as can be seen from the table, the clinical incompensation is rapidly dis-236 OXYGEN IN TILE VENOUS BLOOD. IV appearing. On August 26 the digitalis dose was decreased to 0.1 gin. a day, instead of 0.5 gin. For 10 days she felt well and was compensated in rest. On September 10 she began to feel uneasy again. Her pulse rate and pulse deficit increased, and signs of incompensation appeared. The digitalis was stopped September 11 for a week. Her clinical condition grew rapidly worse and on September 12 she was again incompensated. Corresponding to the change in the clinical symptoms, a sudden large increase appeared in the oxygen unsaturation, which by September 10 was l0 volume per cent and on September 11, 12.8, which is far above the upper normal limit. The oxygen determinations had to be stopped at that time. A week later she was given digipuratum in larger doses, 0.5 gin. a day, and the symptoms of. incompensation disappeared again. The oxygen determinations in this patient show: (1) that normal values for the oxygen unsaturation of the venous blood may be found with rgles in the lungs; (2) that normal oxygen unsaturation may be associated with full incompensation but improving clinical condition; (3) that an increase in the oxygen unsaturation to above the upper normal limit may precede the clinical symptoms of incompensation; (4) Pre~ious History, Symptoms, etc.--Shortness of breath for 3 years before his admission to this hospital. At 9 years of age he had rheumatic fever without heart symptoms. Denies lues. After the heart symptoms had first started 4 years ago they grew continuously worse. Besides shortness of breath and palpitation he often had swelling of the lower extremities. He has been admitted to the hospital several times (four) in an incompensated condition and every time it has been more difficult, and taken longer to obtain compensation. Be-sides his heart disease he had a mild, not progressive diabetes and slight chronic interstitial nephritis. Physical Examination.--The local physical signs of heart disease remained constant. At the first admission he had a considerable enlargement of the heart dullness 15.5 cm. to the right of the middle lineof the sternum and 17.5 cm. to the left in the fifth intercostal space. No thrill. The x-ray picture showed corresponding enlargement of the heart shadow. At the apex a systolic and a diastolic murmur were heard. A systolic murmur was heard at the bases and the pulmonic second sound was accentuated. The pulse was irregular. The electrocardiogram showed arrhythmia perpetua. Blood pressure: systolic 180; diastolic 140. Wassermann test negative. In urine a trace of albumin, hyaline, and granular casts. Blood urea normal. Index of urea excretion fairly normal; now and then somewhat diminished. On ordinary mixed diet he would show sugar in the urine and about 0.20 per cent sugar in blood.
Treatment.--He was treated with digipuratum, antidiabetic and salt-free diet. Until he was absolutely compensated he was confined to bed. Now and then he had a slight increase of temperature (100-100.5°F.).
Forty-eight determinations of the oxygen unsaturation were done at three different periods, at the three successive admissions.
Period /.---Two determinations were done (February 17 and March 8). He had at that time been treated and the symptoms of incompensation had disappeared and he was fully compensated at rest. The values were normal (4 and 5 volume per cent).
Period //.--On June 19 he was readmitted to the hospital in a severely incompensated condition (dyspnea, cyanosis, distended veins, swelling of liver, and edema, as shown in Table V) . Some r~les were heard at the base of the lungs at that time. The temperature was slightly increased (100-102 ° F.) On the first 2 days; later normal. The determinations of the oxygen unsaturation showed considerably increased values. The first eight (the 1st week in the hospital) are all above the upper normal limit. He was at that time incompensated but improving. At the time of the first seven determinations (Nos. 3 to 9) moist rfdes were heard at the base of both the lungs. --A month later he was readmitted to the hospital. He had then for a week been in a condition of rapidly increasing incompensation which on admission was more severe than before. He was much more dyspneic and very cyanotic. The veins of the neck and arms were greatly distended and the edge of the liver was felt 10 cm. below the costal curvature in the nipple line. Heavy edema was noticed extending up his legs over the hips. The diuresis was small and he felt much distress. He was confined to bed and treated first with milk (800 cc. a day) for a week and later with salt-free diet (1,500 to 2,000 calories). From August 24 to 28 he had in all 3.4 gm. of digipuratum. It was then stopped on account of extrasystoles.~ From September 1 to 3 he had 3 gm. of diuretin. The incompensated stage lasted this time longer than before (from August 22 to September 8). Seventeen determinations were done in this period. The first nine were all above the upper normal limit, occupying a rather limited space. The next ten were extremely variable, some of them going a little below the upper normal line; most of them, however, were far above.
His condition was only very slowly improving (Table V) until September 7 when a marked change took place. After 2 or 3 days 9 The extrasystoles occurred regularly alternating with the ordinary ventricular beats. Only every other ventricular contraction was felt at the wrist. The apex rate was 160, the radial rate 80 (August 28, determination 37). The peculiar condition of the heart rhythm does not seem to have had any influence on the oxygen unsaturation of the venous blood (see Table V and Text- fig. 5 ). On the same date a considerable drop occurred in the oxygen unsaturation, which in the 5 following days (the last four determinations) was within normal limits. The oxygen determinations were stopped September 11' The patient was discharged October 2. He felt well and was clinically compensated. It will be seen from the table that rMes were heard in the lungs from his admission (August 22) to September 6 (determination 44). From September 7 his lungs were clear. The first 4 days of his third admission he ran some temperature (100-101 ° F.). Thereafter his temperature was normal.
The values for the oxygen unsaturation in this patient agree as a whole with those previously found in patients with incompensated heart disease and auricular fibrillation~ We can distinguish three periods in the course of the disease: (1) A period of severe incompensation. The values for the oxygen unsaturation are practically all above the upper normal limit, varying only to a moderate degree. (2) A transitory period where the symptoms of incompensation are disappearing or doubtful. In this period the values for the oxygen unsaturation are extremely variable, some above and some below the upper normal limit. (3) A period of clinical compensation at rest in which the oxygen unsaturation as a whole has a tendency to fall within the normal limits. Now and then, however, as seen in Patient 5, Paper III, the unsaturation exceeds the upper normal limit, a condition which never has been observed in compensated non-fibrillators.
DISCUSSION.
Relation of Oxygen Unsaturation to Clinical Symptoms.--As a whole, it can be said that the determinations of the oxygen unsaturation in the venous arm blood are of value in the diagnosis and treatment of patients with symptoms of circulatory disturbances. There is undoubtedly a close relation between the extent of the oxygen unsaturation and the clinical condition of the patients. As a whole, we have seen that the oxygen unsaturation in patients with compensated heart disturbances has values within the limits found in normal individuals, whereas patients with incompensated heart lesions show values above the upper normal extreme.
In patients in whom the incompensated condition of the circulation is decidedly improving we may find normal values for the oxygen unsaturation preceding the compensated stage, and we have seen an increase in the oxygen unsaturation to above the upper normal limit occur where incompensation was developing, but not yet clinically distinct.
In patients with auricular fibrillation the oxygen unsaturation may oscillate widely and show on some days values above the normal maximum, even when no incompensation is developing.
It is seen from the tables that the different clinical symptoms of incompensation differ in their relation to the oxygen unsaturation. Cyanosis and swelling of the superficial veins are closely related. Dyspnea appears to be usually accompanied in heart patients by increased oxygen unsaturation, but it is of course known also to occur in conditions, such as acidosis, in which the circulation is probably not retained. Edema seems to be to a great extent dependent upon special cases. It was usually possible to decrease the edema materially by the diet (salt-free) without interfering with the other symptoms and without causing any change in the oxygen unsaturation.
Oxygen Unsaturation and Blood Flow.--An attempt to calculate the rate of circulation (the minute volume of the heart) from the data obtained by the oxygen determination is not yet justified. Several facts, however, suggest that variations in the output from the heart have been by far the most important cause for the variations in the oxygen unsaturation in the patients. In Papers II and IIIa comparison was drawn between the directly determined oxygen unsaturation and the values for the oxygen consumption 1° calculated from blood flow determinations by means of Krogh and Lindhard's nitrous oxide method (5). A close parallelism was found, as far as the compensated patients were concerned,--even the peculiarities in the fibrillators were encountered by both methods. A similar close agreement is seen in patients with incompensated circulatory disturbance. Text- fig. 6, a, 3 , and c represents the calculated oxygen consumption in three patients with incompensation. It will be seen that all the values thus calculated on incompensated patients io The difference between oxygen unsaturation and oxygen consumption is defined in Paper II.
